Evolutionary dynamics of the 5S rDNA gene family in the mussel Mytilus: mixed effects of birth-and-death and concerted evolution.
In higher eukaryotes, the gene family encoding the 5S ribosomal RNA (5S rRNA) has been used (together with histones) to showcase the archetypal example of a gene family subject to concerted evolution. However, recent studies have revealed conspicuous features challenging the predictions of this model, including heterogeneity of repeat units, the presence of functional 5S gene variants as well as the existence of 5S rDNA divergent pseudogenes lacking traces of homogenization. In the present work, we have broadened the scope in the evolutionary study of ribosomal gene families by studying the 5S rRNA family in mussels, a model organism which stands out among other animals due to the heterogeneity it displays regarding sequence and organization. To this end, 48 previously unknown 5S rDNA units (coding and spacer regions) were sequenced in five mussel species, leading to the characterization of two new types of units (referred to here as small-beta 5S rDNA and gamma-5S rDNA) coexisting in the genome with alpha and beta rDNA units. The intense genetic dynamics of this family is further supported by the first description of an association between gamma-5S rDNA units and tRNA genes. Molecular evolutionary and phylogenetic analyses revealed an extensive lack of homology among spacer sequences belonging to different rDNA types, suggesting the presence of independent evolutionary pathways leading to their differentiation. Overall, our results suggest that the long-term evolution of the 5S rRNA gene family in mussels is most likely mediated by a mixed mechanism involving the generation of genetic diversity through birth-and-death, followed by a process of local homogenization resulting from concerted evolution in order to maintain the genetic identities of the different 5S units, probably after their transposition to independent chromosomal locations.